Carbon dioxide and 02 compete for the active site of D> ribulose-1,5-bisphosphate carboxylase-oxygenase (EC 4.1.1.39), resulting in the production of either two molecules ofP-glycerate or one molecule each of P-glycerate and P-glycolate (4). Two molecules of P-glycolate may be recycled to one molecule of Pglycerate via the glycine-serine pathway ofphotorespiration (21). This pathway yields CO2 and NH3 and consumes ATP and reducing power. An accumulation of NH3 and amino acids was observed in wild-type cells of Chlorella sorokiniana during autotrophic growth with NO3-as a N source under highly photorespiratory growth conditions (i.e. a gas atmosphere of 99% 02/ 1% C02). This coincided with a 2-fold decrease in growth rate and a high glycolate excretion rate (3). Cultures of mutant strain OR3 were not inhibited in growth by such high O2 tensions and excreted much less glycolate than wild-type cells. Since strain OR cells did not accumulate NH3 and amino acids, we postulated that the effective removal of NH3 produced during photorespiration by strain OR might lead to the observed activation or increased synthesis of key enzymes ofthe glycine-serine pathway (3). These findings prompted us to investigate the photorespira-
thase was induced and glycine decarboxylase and serineglyoxylate aminotransferase were repressed in cells grown with am ia. An inverse correlation was observed between amiatng NADPH-glutamate dehydrogense and the in vivo glycine decarboxylation rate.
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tory N cycle in Chlorella sorokiniana wild type and in mutant strain OR and to study the effect of high extracellular concentrations of NH3 on the metabolism of glycolate in these organisms.
MATERIAIS AND METHODS
Organisms and Growth Conditions. Chlorella sorokiniana wild type and the O2-resistant (OR) strain were grown under light saturating conditions at 39°C in batch culture in Cg-10 medium (22) as described (3) . The employed light intensity was about 32.3 klux (10.4 x 10-3 J/cm2.s). Growth with NH3 as N source was achieved by adding 10 mm NH4CI to the medium and omitting KNO3. The pH of both media was brought to 8.2 with 2 N NaOH. During growth with NH3 as N source, cultures were kept at a density below 170 mg dry weight per liter; at higher densities the pH would drop below 7.8. All cultures were frequently checked for contamination as described (3) .
Preparation of Cell Extracts. Cultures were harvested, washed, and subsequently disrupted in a French pressure cell as in (3) .
Glycolate Determintion. Glycolate contents in filtrates of C. sorokiniana cultures were quantitated enzymically as detailed in (3) . Ammonia Determinations. Cells were separated from the medium by rapid filtration through a 0.45 ism membrane filter (Millipore). Ammonia was quantitated colorimetrically (23) . The buffer component ofthe Cg-10 medium, glycylglycine, interfered with this assay and was replaced by 7.7 mM MOPS. Cells showed the same growth rates and glycolate excretion rates in media containing MOPS as buffer as they did with glycylglycine. Glycylglycine was not used as a N or carbon source by C. sorokiniana.
Amino Acid Pools. Exponentially growing cultures were harvested and disrupted as described (3) . Lyophiized residues were stored at -20C. Amino acids and ammonia were separated and quantitated on an automatic amino acid analyzer (121 MB; Beckman Instruments, Inc., Palo Alto, CA) as described (3 (Fig. 1, A and B) . Addition of MSX to growing cultures led to the excretion of NH3 (Fig. 2 (Fig. IB) . The levels of enzymes involved in N assimilation were measured for both strains grown photolithotrophically with NO3-as N source. Aminating NADPH-dependent GDH was present at 2-fold higher levels in wild type than in mutant OR cell extracts (Table  II) . Deaminating NAD-dependent GDH levels were equal in both organisms. The presence ofdeaminating GDH may explain the observation that in vivo and in crude extracts, alanine is often a better amino donor for the transamination of glyoxylate than glutamate (1, 3), whereas for the purified enzyme glutamate and alanine function equally well (18) . No activity of aminating or deaminating alanine dehydrogenase was detected. Glutamate- pyruvate aminotransferase was present at high levels. Glutamate synthase in cell extracts derived from photolithotrophically grown cells was dependent on reduced ferredoxin as electron donor; no activity was detected with NAD(P)H as electron donor.
DEAE-Sephacel chromatography of cell extracts resulted in the separation of two isoforms of glutamine synthetase (Fig. 3) . GS was the dominant enzyme under most growth conditions for both organisms (Table III) . Total levels of GS were much lower in cells grown in the presence of NH3 than in cultures grown with NO3-as sole N source (Table II) . The relative contribution of GS, and GS,, to total GS activity was dependent on the N source used for growth and the 02 tension and varied for wildtype and mutant cells (Table III) . Total GS activity was independent of applied 02 tensions, however. Recently it was observed that thioredoxin activates GS and glutamate synthase of C. sorokiniana (20) . A difference in intracellular levels ofreduced thioredoxin might thus also result in a different capacity for the assimilation of NH3 produced during photorespiration. We observed identical levels of NADPH-thioredoxin reductase in both organisms (Table II) (Fig. 1) . Wild-type cells excreted much less glycolate when grown photolithotrophically with NH3 than with NO3-as a N source (Table I) . However, wild-type cells growth with NH3 exhibited a very low in vivo glycine decarboxylation rate (Table I) Figure 4 . Since glycine decarboxylase activity is virtually absent in wild-type cells grown with NH3, glycine and serine must originate from 3-P-glycerate.
The amino acid pools of wild-type cells and mutant cells grown under such conditions are given in Table IV. OR cells excreted more glycolate during photolithotrophic growth in the presence of NH3 than with NO3-as a N source (Table I) . Glycine decarboxylase levels were repressed by growth in the presence of NH3 and malate synthase levels were only 2-fold higher than in cells grown with NO3-as a N source.
Photorespiratory NH3 production still occurred in OR cells grown photolithotrophically in the presence of NH3 under 99% 02/1% CO2 since MSX inhibited growth under these conditions (Fig. 1B) glycine. Glycine may be deaminated to glyoxylate which may be metabolized to malate in the dark. For this pathway, glycine decarboxylase is not required. Activities ofserine hydroxymethyltransferase and P-glycolate phosphatase were almost identical to that found in its parental strain, strain OR (not shown). This mutant is particularly interesting in that it shows relatively high levels of aminating NADPH-GDH. There appears to be an sugars Rbu-P -----P-gIycoIate inverse correlation between levels of glycine decarboxylase and NADPH-GDH (Table I) . DISCUSSION During photolithotrophic growth ofChlorella sorokiniana with NO3-as a N source, glycolate is metabolized via the glycineserine pathway (3). The results of this investigation suggest that this pathway does not operate in C. sorokiniana wild-type cells during photolithotrophic growth with NH3 as the sole N source. We propose that this organism metabolizes glycolate primarily to malate and subsequently to pyruvate, tricarboxylic acid cycle intermediates, and related amino acids during growth with NH3. Mutant strain OR, on the other hand, appears to metabolize glycolate via simultaneous operation of the glycine-serine pathway and the pathway depicted in Figure 4 during photolithotrophic growth with NH3 as the N source. This proposal is supported by the following findings: (a) malate synthase levels are more than 10-fold higher in wild-type cells growth with NH3 than in cells grown with NO3-as a N source. This difference is only 2-fold in OR cells (Table I) (Table I) ; (c) wild-type cells grown in the presence of NO3-show a marked accumulation of amino acids and NH3 under highly photorespiratory growth conditions (3) . No such accumulation of NH3, glycine, or serine is observed under high 02 tensions during photolithotrophic growth with NH3 as the N source (Table IV) . Due to the high 02 tensions employed, pools of glutamate, glutamine, proline, alanine, leucine, and valine increase markedly in wild-type cells (Table IV) . This is consistent with the suggested pathway ofglycolate metabolism (Fig. 4) in the sense that a greater carbon flow via glycolate will result in higher pools ofpyruvate, 2-oxoglutarate, and related amino acids. In OR cells there is an additional increase in the pool sizes of aspartate and lysine by growth under high 02 tensions, suggesting that more oxaloacetate becomes available for amination. The decrease in the intracellular pool of alanine in strain OR cells when grown under 99% 02/1% CO2 is at present not understood; (d) MSX does not inhibit the growth of wild-type cells growing photolithotrophically in the presence of NH3 irrespective ofthe applied 02 tension (Fig. IA) . This means either that there is no significant photorespiratory NH3 production or that aminating (NADPH) glutamate dehydrogenase is responsible for the removal of NH3 produced during photorespiration. However, since MSX still inhibits OR cells growing photolithotrophically with NH3 as the N source under high 02 tensions (cells which also have high levels of GDH (Table II) , it seems more likely that GS is mainly responsible for the assimilation of NH3 produced during photorespiration during this growth condition. The observed lack of an effect of MSX on wild-type cells grown with NH3 as the N source is most easily explained by the absence of the glycine-serine pathway of glycolate metabolism; (e) label from 14C02 accumulates in malate, pyruvate, alanine, citrate, glutamate, aspartate, and lipids by addition of NH3 to Chlorella pyrenoidosa (10) , an organism closely related to Chlorella sorokiniana (1 1).
The metabolism of glycolate to malate was also observed in the chemolithotrophic bacterium Thiobacillus neapolitanus (2) and in the cyanobacterium Anabaena cylindrica when incubated in the dark (6) . This pathway ofglycolate metabolism is energetically much more favorable than the glycine-serine pathway. This raises the question as to why glycolate is not metabolized to malate under all growth conditions. The availability of acetyl CoA for the synthesis ofmalate during various growth conditions is obviously of crucial importance in this respect.
The regulation of the glycine decarboxylase enzyme complex at the molecular level is an intriguing problem. Ammonia and amino acids per se do not function as repressor molecules of the enzyme complex since different intracellular pools of NH3 and amino acids do not lead to different glycine decarboxylation rates (3) . In this investigation, we observe an inverse correlation between levels of aminating NADPH-GDH and the glycine decarboxylation rate (Table I ). This may indicate that the glycine decarboxylase enzyme complex is under control by the N assimilatory system. We observe a significant difference in the ratio of GS, to GS,, activity for wild-type and mutant cells (Table III) . GS, eluted at 0.1 1 to 0.15 M NaCl and GS,, at 0.19 to 0.22 M NaCl, very similar to the isoforms present in leaves (8, 15, 16) . GS11 has been localized in the chloroplast and GS1 is a cytosol enzyme (8, 15 (Table III) fits this pattern. In addition, GS,, is relatively more abundant in both strains of Chlorella sorokiniana under high 02 tensions with NO3-as the N source. Under these growth conditions the photorespiratory NH3 production is maximal. GS,, may be more effective in assimilating NH3 produced during photorespiration than GS, due to its higher affinity for glutamate (16) or due to its localization in the chloroplast where thioredoxins are present which activate the C. sorokiniana enzyme (20) .
